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THE MATHEMATICS USED IN CONNECTION 
WITH PHYSICS. 

The Theory of Electricity and Magnetism ; being Lectures 
on Mathematical Physics. By A. G. Webster, Assistant 
Professor of Physics, Clark University, Webster, [ 
Massachusetts. Pp. xii + 571. (London : Macmillan 
and Co., Ltd., 1897.) 

HE aim of the writer, according to the preface, in 
the preparation of this volume has been to present 
to the students the results of the Maxwellian theory as it 
stands at present, after the labours of Faraday, Maxwell, 
Helmholtz, Hertz, and Heaviside. 

Prof. Webster is a somewhat young man of marked 
promise, whose contributions to the discussions in 
Section A of the British Association formed one of the 
features of the meeting of that section at Toronto this 
year, and the book shows that he is fully capable of 
appreciating the mathematical significance of physical 
facts. It is doubtful, however, whether a student would 
be able to appreciate the physical significance of the 
mathematical theory from reading it. Possibly the 
students of the Clark University, when listening to such 
lectures as are given in this treatise, have the physical 
meanings of the various mathematical processes ex¬ 
plained to them. If not, they must possess an exceptional 
amount of ability to enable them to arrive at correct 
physical interpretations of the mathematical equations. 

The first fifty-two pages of the book are occupied with 
a short summary of the principles of the vector calculus, 
the definitions of variables, functions, differential coeffi¬ 
cients, definite integrals, line and surface integrals, some¬ 
thing about the calculus of variations, &c. It is not 
quite obvious what is the object of giving this, since a 
student who was capable of following the book would 
understand the meaning of a differential coefficient 
before opening it ; or if, on the other hand, he was 
ignorant of the differential and integral calculus, he 
would require far more detailed information than is 
given in these fifty-two pages before he could tackle 
triple integrals, vector differential operators, &c., which 
are used quite early in the book. 

Is it correct to say that, “following the usage of the 
majority of writers, we shall denote 


by A,” seeing that many writers, including Thomson and 
Tait, use v 2 , and Maxwell -v 2 ? 

Gauss’ theorem may undoubtedly be stated as a piece 
of mathematical analysis, as it is done on pp. 75-78 ; 
but the theorem would be perfectly useless if gravitational, 
electric, and magnetic forces did not vary as the inverse 
square of the distance. When, therefore, the theorem is 
divorced from all physical application or interpretation, 
is not the student less likely to grasp it and to 
remember it ? 

The last section of the introductory chapter, which 
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brings us to p. 91, discusses the theory of functions of a 
complex variable with clearness and conciseness ; and 
this section might with advantage have been extended, 
and some of the earlier portion of the book omitted. 

Part L, which commences on p. qi, is on the “ Theory 
of Newtonian Forces” ; but forces as realities, and not 
merely letters which satisfy a number of equations, have 
not much existence in the chapter. Take, for example, 
d’Alembert’s principle described on p. 107. This prin¬ 
ciple is in reality the result of an argument based on 
Newton’s laws, and leads to a valuable set of equations 
in dynamics. The reader, however, is not told this, but 
only that the analytical statement of d’Alembert’s prin¬ 
ciple is given in Lagrange’s equation of virtual velocities. 
This equation, Mr. Webster rightly states, involves all 
the internal forces, and so the student might not suspect 
that the essence of d’Alembert’s principle was the 
elimination of these internal forces. 

The rest of the Part i. is good, the subject of attractions 
being well and lucidly treated. Does not, however, the 
introduction of the n axes of the harmonic of the «th 
degree add unnecessary difficulty, and somewhat hide 
the beauty of harmonic analyses ? For students who 
already possess a good knowledge of magnetism, the 
treatment of polarised distributions will be useful. 

Although the title of this book, as given on the cover 
is “Electricity and Magnetism,” it is not until p. 243, or 
nearly the middle of the book, that we come to the 
portion that deals specially with electricity. The state¬ 
ment of the general problem of electrostatics, as given at 
the beginning of § 135, is insufficient since, as pointed 
out, any number of solutions could be given to it. The 
method, however, which is indicated for the solution of 
the problem is correct, and leads in a neat way to the 
conception of coefficients of induction from which the 
coefficients of potential are deduced. 

§ 151, on Green’s function, like much of the matter in 
the book, is divorced from its physical application, so 
that a student will hardly see the physical nature of the 
problem that Green set himself to solve, or the method by 
which he solved it. In fact, the author criticises Green’s 
work as follows :— 

“Reasoning depending on such physical facts was 
frequently made use of by Green, and while not legiti¬ 
mate for purposes of mathematical demonstration, is 
frequently of service to the physicist.” 

The discussion, however, of the application of conjugate 
functions is good. 

It is not the'custom in this country to call the conductor 
of a Wheatstone’s bridge, in which the galvanometer is 
inserted, “ the bridge wire,” and we are not aware that 
this practice is followed in America either. 

On page 357 the author defines y as the inductivity of 
the medium, and explains that this becomes specific in¬ 
ductive capacity in the electric case, and permeability in 
the magnetic. This analogy is, of course, quite correct, 
but it is carried too far when the same letter y is used for 
specific inductive capacity on some pages and for mag¬ 
netic permeability on others. In considering the di¬ 
mensions of the electrostatic and electromagnetic systems 
of units, the propagation of waves, &c., the beginner 
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might expect to find y instead of which he finds ey ; the 
meaning, however, of this e does not seem to be given, 
and he is left to discover for himself that this c stands 
for the specific inductive capacity for which y has been 
previously employed. 

We should prefer to say that the absolute dimensions 
of specific inductive capacity and of permeability were 
yet unknown rather than they were “ arbitrary,” and we 
do not agree with the statement that attempts to settle 
their absolute dimensions are evidently based upon mis¬ 
conceptions of the theory of dimensions. 

The statement that “ for mag’netic bodies as the force 
increases y diminishes ” is generally correct, but not 
sufficiently guarded, seeing that the very opposite is 
the case for small forces ; and more -explanation is 
required as to the meaning, or the necessity, of the state¬ 
ment :—“ The variability of y does not affect the validity 
of Ohm’s Law, which determines the distribution of the 
laws of induction.” 

The last chapter in Part ii., on the conduction in di¬ 
electrics, contains some interesting work, such as that on 
the effect of heterogeneity. 

Part iii. deals with the electromagnetic field in a lucid 
and satisfactory manner. We feel somewhat divided in 
our judgment regarding Mr. Webster’s inability to 
respond to Boltzmann’s appeal that Maxwell’s notation 
should be followed. It will undoubtedly be somewhat 
perplexing for the student to have to employ X, Y, Z for 
the components of electric field intensity when he reads 
this book, and for the components of a mechanical force 
when he is studying Maxwell’s classical treatise. But Mr. 
Webster is an American, and the secret of the success of 
his countrymen lies in their having gone ahead instead of 
merely following precedent. Hence, whatever may be 
the wrench we feel at being torn away from our time- 
honoured notation, we must respect Mr. Webster’s inde¬ 
pendence in employing what he considers a better one. 

The book finishes with an excellent introduction to the 
theory of electromagnetic waves, which deals with the 
more important points of this subject in a clear and 
concise manner. The statement made on page 550, that 
the matter on the preceding seventeen pages applies only 
to a submarine cable of infinite length, should have come 
much earlier ; for, on reading these pages, we certainly 
thought that the author was under the mistake of 
imagining that the treatment applied equally well to a 
finite cable. 

On page 536 the author pokes fun at established 
authority by giving more than one reason why long¬ 
distance telephony has not existed in England, and on 
page 547 he sits in judgment on Mr. Heaviside in an 
equally humorous way, although in this case the fun is 
not intentional on the part of the author. 

The book is on the whole distinctly good, and any one 
who has mastered it will possess a sound acquaintance 
with the most important parts of mathematical electricity. 
The absence of reference to experimental methods is, as 
stated in the preface, intentional, and, of course, no 
practical applications of electricity are referred to. But, 
even if this system has been followed as a protest against 
those who forget that the practice of to-day was the theory 
of yesterday, we would suggest that a course of “ Lectures 
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on Mathematical Physics ” may fitly contain explanations 
of the physical interpretations of the equations developed 
without running the risk of appearing to pander to the 
needs of the electrical contractor. W. E. A. 


THE ELECTRICAL PHENOMENA OF NERVE. 

Lectures o?i Physiology. (First Series.) On Animal 

Electricity. By A. D. Waller, F.R.S., &c. Pp. viii 

+ 144. (London : Longmans, 1897.) 

S Fullerian Professor of Physiology, Dr. Waller has 
published a series of lectures on the electrical 
properties of nerve, in which he tells us that his aim 
has been to give “an exposition of the principal data” 
relating to the subject. Such of these data as have been 
derived from his own experiments have been already 
made known by him in his published papers ; but the 
physiological reader will find it much easier to appreciate 
their value, now that they are placed before him in con¬ 
nection with facts already known to him. A point of 
great scientific interest in Dr. Waller’s work consists in 
the circumstance that he has adopted and strictly 
adhered to a uniform method of “ testing ” the physio¬ 
logical conditions of a nerve. The gratitude of the 
reader is further excited by the perspicuity with which 
the method itself and the first fruits of its application 
are described, as well as by a vividness of style which 
makes him feel as if he had been present at the 
demonstrations. 

Dr. Waller’s object is to prove that the phenomenon 
by which a separated nerve most strikingly shows its 
vitality—the negative variation of du Bo is-Reymond— 
is also a measure and criterion of the physiological con¬ 
dition of the nerve. For this purpose he employs an 
automatic arrangement by which at regular intervals of a 
minute, the appropriate “stimulus” for producing this 
effect is applied to the nerve, at the same time that the 
electrical “ response ” made by the nerve is recorded 
photographically. The effect thus recorded—the negative 
variation just mentioned—is the diminution of the so- 
called nerve current, the amount of which diminution is 
indicated by the deflections of a galvanometer connected 
with the nerve in the usual way. Consequently, so long 
as the strength and duration of the stimulus (a suc¬ 
cession of induction currents led through the nerve at a 
distance from the part under observation) remains con¬ 
stant, the perfect uniformity of the periodical deflection 
indicates that the state of the nerve is unaltered; 
and the effect of any other condition, as, e.g. acid or 
alkaline reaction, change of temperature, &c., manifests 
itself by augmenting or reducing the deflection. As 
evidence that the deflection itself is a “ vital ” one, that 
is, one belonging to the living nerve as such, it is shown 
that the transient loss of function which follows the 
action of the vapour of ether is accompanied by an 
equally transient disappearance of the normal electrical 
reaction of the nerve, and again, that the presence of 
carbon dioxide in the saturated atmosphere in which the 
nerve is placed for observation, even in the smallest 
quantity, augments in an equally remarkable way the 
power of the nerve to respond to stimulation. 
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